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Operational Features 

The equipment for hemo filtration has to meet three basic operational requirements: 

a) it must safety accomodate the extracorporeal blood circuit. 

b) it must provide the pressure for ultrafiltration in the hemofilter, and 

c) blood volume must be accurately reconstituted by delivering substitution fluid. 

While different technical approaches have been made to meet these require- 
ments, al! hemofiltration machines in use have these features in common: 



Extracorporeal Blood Circuit 

Analogous to hemodialysis, blood gained from the patient's vascular access is 
pumped to the hemofilter and returned to the patient through a disposable plastic 
tubing set. Ultrafiltration is achieved in the hemofilter by exerting a hydrostatic 
pressure gradient across the membrane, resulting in the transfer of plasma water 
and solutes. Substitution fluid is delivered either proximally to the hemofiltcr (prc- 
dilution) or into the venous drip chamber tpostdilution). 

The features of the equipment needed to operate the extracorporeal circuit are es- 
sentially identical to those of hemodialysis machines. During the treatment, 
50- 100 liters of heparin ir.ed blood arc Carried through the circuit by a peristaltic 
roller pump in the arterial line which, in conjunction with the resistance to flow, 
provides the driving force for the positive component of the transmembrane pres- 
sure gradient in the hemo filter. Safety features in the circuit include pressure moni- 
tors in the arterial and venous blood lines and an air detector linked to an automatic 
clamping device in the venous line. The machines are wired internally to shut off ex- 
tracorporeal circulation whenever preset pressure values are exceeded or a line dis- 
ruption occurs. 



Hydraulic Circuit 

In contrast to the complex hydraulic components of hemodialysis machines neces- 
sary for the prepa radon of diulysate, this aspect of hemo filtration machines Consists 
of two separate, comparatively simple circuits for ultrafiltmie and substitution fluid. 
A roller pump creates the negative component of the transmembrane pressure and 
curries the ultrafikrate through a disposable tubimj set from the hemofiltcr to a col- 
lection cannislcr. A negative pressure monitor in this circuit prevents preset trans- 
membrane pressure limits from being exceeded, and a blood leak detector activates 
an alarm condition, which shuts off extracorporeal circulation, should a major 
membrane rupture occur. 

In a separate circuit, substitution fluid is delivered from its containers into the 
blood line by another roller pump, which operates under the control of the batenc- 
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in* system. Other features of the circuit include a flow-through heater with therms 
SSSmi and a thermometer for overheat alarm. The disposable sterile ^ tubing 
M used in this circuit contains a segment for the heater and usually has multiple at- 
tachments For the collapsible plastic bags in which the fluid is purchased, thus per- 
mitting a completely sealed sterile circuit and preventing the occidental pumping of 
oir into the blood circulation. Batch- prepared substitution fluid from a single open 
cannister has also been successfully used in recent years. 



Balancing System 

The functionally most genuine part of the heme filtration apparatus ; is the balance 
control, providing the matching of the volumes of substitution Ru.d and ultrafil- 
trace. Large volumes are exchanged in a short time during the treatment, and accu- 
rate control of fluid balance is of critical importance. Imbalance or ultrafiltration 
and substitution could rapidly lead to lire-threatening volume depletion or overhy- 
dration of the patient The pace of exchange is determined by the ultrafiltration rate 
obtained in the hcmofilter. Since ultrafiltration rate changes during the treatment, it 
must be continuously monitored and the rate of fluid replacement adjusted accor- 
dingly Moreover, the machine has to be programmable to remove the patient s 
weight gain between treatments by replacing the ultrafiltrate with a proportionally 
smaller volume of substitution fluid throughout the treatment. 



Solutions to Technical Problems 

Early clinical investigators of heraofiltration had to rely on manual control of fluid 
balance while usmg components or hemodialysis machines for the extracorporal 
blood circuit. Fluid balance was achieved with the help of bed scales and manual 
adjustment of the substitution pump, requiring constant supervision of the treat- 
ment. Most of the automated equipment available today originates from early pro- 
totypes developed in close association with key irwestigators. These developments 
occurred independently, and the various technical approaches in use reflect the dif- 
ferent preferences and philosophies of these early investigators. A description of the 
various conceptual approaches can be found in some of the earliest publications on 

hemofiltrationn.2]. . , nUL1 . nu t - 

Three different conceptual methods to achieve fluid balance in hemofiltration 

have been explored: 

a) by volumetric control* 

b) by gravimetric control, and 

c) with control of flows. 
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Volumetric Control 

In this approach, fluid balance is achieved by measurement of volumes. Since both 
ultrafiltrate and substitution fluid are liquids, the displacement by volume of the ul- 
trafiltrate is used to deliver an identical volume of substitution fluid to the patient. 
This concept is illustrated by the example of a single pump with two identical, sepa- 
rate tubing segments for ultrafiltrate and for substitution fluid, which ideally deliver 
identical volumes with each stroke. Similarly, volume control can be achieved by 
the alternate filling of a double cylinder wiih a single piston or a sealed chamber 
separated into two compartments by a flexible membrane. Such a system operates 
by means of the ultrafiltrate filling a previously empty compartment and displacing 
the separating piston or membrane, thereby forcing an identical volume of substitu- 
tion fluid out of its previously full compartment. 

While conceptually simple, accurate fluid balance by volumetric control in he- 
mofiltration is difficult to achieve technically. Many of the technical problems re- 
sult from the disparity of pressures in the two hydrauhc circuits. Substitution fluid is 
delivered under positive pressure into the blood circuit, while ultrafiltrate Is gener- 
ated under negative pressure. The high ultrafiltration rates necessary to accomplish 
an adequate exchange within a reasonable lime in hemofittrauon cannot be ob- 
tained without exerting substantial negative pressures downstream of the mem- 
brane. As a result, dissolved air, which crosses the membrane with plasma water, 
forms gas bubbles which interfere with volumetric control of the ultrafiltrate. Jn or- 
der For such systems to operate accurately, the ultrafiltrate must be degassed in a 
separate step and the pressures within the control circuits carefully matched. Addi- 
tionally, a set of valves is required 10 switch between alternate cycles for filling and 
emptying of the volume controller. Due to their technical complexity, volumetric 
hemofiltration systems have not found widespread acceptance, U i» noteworthy, 
however, that the technical explorations of this approach in the past have substan- 
tially influenced the development of modem hemodialysis equipment. The newest 
generation of hemodialysis machines with volumetric ultrafiltration control is ai 
least in part the result of efforts to develop such a system for hemofUtration. 



Gravimetric Control 

Monitoring of fluid balance by weight instead of volume is the basis of this tech- 
nique, which is used in the majority of available nemo filtration machines. Both ul- 
trafiltrate and substitution fluid have similar specific weights, permitting effective 
control of ihe exchange with scales. Since the total volume of the ultrafiltrate and 
substitution fluid can be conveniently placed on the scale, accuracy of control is 
maintained throughout the treatment and is not influenced by differences in pres- 
sure and air bubbles. Technically, gravimetric control is achieved by either one sin- 
gle scale or two individual scales for ultrafiltrate and substitution fluid in combina- 
tion with a microprocessor. 

Single-scale systems operate by maintaining the weight of combined ultrafiltrate 
and substitution fluid constant throughout the treatment. At the onset, the Container 
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operating with sufficient accuracy within a wide wcght range. 



Control by Flow 

ci ,:a K fl i fl n« with this approach is achieved by monitoring the respective fluid 
not taS ^iSiSSlrt-*- circuits. Both "««^ ""^E? 
.^ctearoairaetic flowmeters have been used experimentally For this purpose. 
£ the sTe rSs as with volumetric systems, accurate, oonnnuous control ,s 
difficult to achieve technically. 



mm 
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Available Equipment 



Volumetric Systems 

Th^ fir« balance eouipment for hcmofiltration was developed for L- W. HENDERSON 
^tmSSSSSS of Pennsylvania by C. Kuoa and E. Korn in assoo.at.on 
«£ ™c£££ of Lticon Pi Designed for the P^^^SUS 
™"d reliably with a reciprocating, paired piston pump march.ng th volumes i oT 
Citrate and substitution fluid- A float control ,n "^S^SSSZ 
alive pressure prevented air from entering the volume controller with ultrafiiirate 

' "in 'operational prototype for volumetric conlrol or postdilution hemofihration 
wdSSld 1976 by E.Syreicher and H. Schneider in Stuttgart. West 
Ctenm X ««"ey component is a small chamber divided by a flexible ^brane 
fn oTe^mpartment fteulutflnte and another one for substitute flutd- A set 
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HOLLOW FIBER 
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Fig. 1. FirA hemonUratian apparatus for tVit prediction mode, 
developed in 1973 by HcNOEkiON 01 *U. (3] 
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Fig. 2. Prololvp< for volumcxric control of hernofiltnilion developed by Struichtk ei al. \&\. A tail* 
ancing chamber \t Bj is alternatively Tilled and emptied by the ultrafillrate and substitution fluid. 
( L t . L,: t.,-. pump* ; p, /»♦. p\ pressure monitors: C C.\ valve damp*: M, ckracrtuor) 
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Ffc.4. Nipro NYO hemofiltraUon system (Nlpro Medical Industrie* Tbkyo, Japym. Fluid balance 
is achieved by two muicb*d pumps for olira/Tltratc and substitution fluid. The machine can hold 
201-lker infusion bottles 



of pressure-activated valve* switches the system into two cycles, alternately filling 
and emptying the chamber with ultrMiltrate and thereby displacing simultaneously 
an identical volume of substitution fluid. To minimize the effect of freed t»ir interfer- 
ing with volume control, the system contains a degassing device in the ukrafiltrace 
eircuii and operates under matched positive pressures (Rg-2). Because of minor 
icchnicul problems and lack or support this project was later abandoned. Thi3 in- 
novative approach, nevertheless, must be regarded a* the forerunner of the newest 
generation of hemodialysis machines. Available only recenily, these machines con- 
trol ultrafiltration during dialysis by an essentially identical volumetric system. 
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ion System developed by Ooht, Klein* 
RF) hang on a single scale with An clec- 



Flg.5- Schematic diagram of first gravimetric hemofiftrsti 
and Quf.u 4 HORST. Sustitution Fluid ($)<lt\6 uttrofiltrate ( 

ironic weight cell (2). PtoportionaJ wdaht loss is programmed by the relative posiriOn of Sic ultraiu. 
traaon<smni*cT W?on the \t\tt(l).{F. hcmoOHer: ^ P : . />J.pumps: M f , jtf,. pressure monitors: 
BLD, blood leak detector) 



An attractively simple volumetric balancing system for slow arteriovenous heme- 
filtration was developed around 1978 by P, Kramer at the University of Gottingen 
and manufactured by Schi-Wa Amteimittelwerk, 4518 Bad Laer, West Germany |5] 
(fig.3). This weight-driven system operates entirely without pumps. It consists of a 
flexible bag for substitution fluid in a hermetically sealed box open only to the uk 
trafiJtrate line, A weight pushes on this bag and forces substitution fluid out, thereby 
creating the negative pressure for ultrafiltration. As the substitution fluid bag emp- 
ties, the box is gradually filled with ultrafiltrate. The apparatus contains also an 
electronically controlled valve, which bypasses the ultrafiltrate at timed intervals for 
programmable weight loss. Despite its simplicity, only a few units of this type have 
been built. 

A unique volumetric hemofiltration machine was developed and manufactured 
by Nipro Medical Industries, Tokyo, Japan (Fig. 4). Volumetric control of balance 
m the Nipro NY-3 hemofiltration system is achieved by a roller pump with identical 
pump segments for uhraflltrate and substitution fluid. A sophisticated circuit 
matches ihc positive pressures in the pump segments and prevents the interference 
of air with the volumetric control. Another unique feature of this machine is that it 
is designed to draw the substitution fluid from a I arge number of Miter glass bottles. 
This equipment has found only little use outside Japan. 
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Fig.*. Hemofiltraiion system BF91 1 {Bdlco-Dcutschlend GmbH, Fnjiburc, Wear Gernuuivl in ust 
at ihe Nephroiogiscthrs Zemnjm Ntedcr&ichiqn 



Gravimetric Systems 



The first workable gravimetric system for hcmofiltrarion was developed in 1976 by 
B. Doht and E. Klein with E.Qi;Et.ufOft*r in Hann. Miinden, West Germany [61 
(Figa.5,6). It was later manufactured as BF 910 and BF91I by August Fischer KG 
in Gottingen, West Germany (now defunct), and distributed by Bellco-Dcutschland 
GmbH, 7300 Freiburg, West Germany. The balancing system consists of a single 
scale with a transducer-type weight cell and operates by maintaining constant 
weight throughout the treatment. At the onset, the scale is electronically zeroed at 
the weight of the empty container for ultrallitmte and the full one for substitution 
fluid. As uJlryfiltrate is generated during the treatment, the weight on rhe scale in- 
creases. This in turn activates the substitution pump to druw substitution fluid from 
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Fig* 7. Hcmonrjr-jtion syatein 
AFG02(D,iify«:Technifc 
GmbH, JtarUruhe-Fcchhcim, 
West Gemiany) 



the scale and deliver it to the patient. Programmable weight loss is achieved m , 
chaiucally m a simple, imaginative Fashion rW scale hari SSfiSiEt 

separate small pump nanoves u „ rJ ni tr a* at , preset rate ton, |» dSE J 
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Schematic diagram of the gravimetric control in tbcSIF005 hemoflltratioD machine. Fluid 
balance is achieved by automated positioning of the ultrafiliratc camiusccr and * counterweight 
(CW) on a mechanical scale. (M = electric motels -sensors, BS- potentiometer controlling sub- 
stitute pump. 10=sub*itjtution fluid. 1 1 -.substitution pump, 12- hewer. 13-prcdilution pump 
14** pressure monitor, 15 = u1 trail Itrate pump. 16 = ultra filtrate container) 

reaches the container on the scale. While total volume of weight loss is conveniently 
collected in this approach, imbalance between ultrafiltration and substitution may 
be disproportionate towards the end of the treatment, when ultrafiltration rates are 
lower. The maximal capacity of exchange is 20 liters. The system is still manufac- 
tured and is used mainly in West Germany (Fig. 7). A newer model AFG 04 operates 
with two microprocessor-controlled scales and alleviates the above drawback. 

A functionally entirely mechanical single-scale gravimetric hernofiltration ma- 
chine was developed in 1979 by G.Frioato and B. von Albwini and manufac- 
tured as SIF905 and SIFW by 51FRA, Isola della Scala (VR), Italy fFigs.8 9) In- 




PAGE 1 5/1 9 * RCVD AT 3/15/2010 12:59:48 PM [Eastern Daylight TimeJ * SVR:USPTO-EFXRF-6/45 * DWS:2738300 * CSID:312 372 3109 * DURATION (mm-ss):07-36 



03/15/2010 12:05 FAX 312 372 3109 



K&L GATES 



Eioie 



96 B. von Albortini 



y 



Fig. 10. Three generations of hemofiltrahon systems offered by Sortorius GmbH. Gtittingen, West 
C*n*ai>y. From h/r. H*moproccs*©t HP4000U HP40003, HP40020 



stead of an electronic weight cell, this system is based on a mechanical scaje with 
Adjustable counterweights. Operationally, it resembles the first of the a foremen - 
tioned gravimetric systems. The position of the counterweight for zeroing the scale 
at the onset and the relative position of the ultrafiltrate container on the lever arm oF 
the scale arc achieved by electric motors, which at the same time provide the infor- 
mation for the electronic display of total exchange* weight loss, and substitution 
rates. In its operation, the rate of the substitution pump is determined by a simple 
potentiometer, which Is activated by the tilting of the scale under the weight of the 
incoming ultrafiltratc. The mechanical functioning of this system prevents malfunc- 
tions and alleviates the complex circuits needed for the amplification and process- 
ing of electronic weight cells. Unique features of this system are the total exchange 
capacity of 36 liters and a prediction pump specifically designed for high-perfor- 
mance, combined pre- and postdilution. Close to 100 machines of this type have 
been built and are in use throughout Italy. 

The first microprocessor-controlled hemo filtration system with two separate 
scales for ultrafiltratc and substitution fluid was developed in 1976 by a leading 
manufacturer of precision scales. Sartorius GmbH, 3400 Gfittingen, West Germany. 
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During Hsmofiltratlon 




C3 2? RAl7BJT 



Fig. 12. Operating diagram of", he Cambro 
hemofili/adon system 



n *^J?- r ff"?, ° 6 . Knothe and V.Rh.ch£ in close association with the 
ncphwlopsis at the Un.vennty ofGottingen. The Sartorius Hemoprocessorconsis* 

^ll^f T'T I" US a ," d ° perateS Under ' b « ^ of • ^ - 
^processor (Fig I0>. Bcs,des be.ng fully pmgmmmable. this syste m pnjWaes con- 

safety features, pmpoints eventual malfunctions, and automatically primes the e7 

SS^k 2 ' ,h r C , 0nS 1° f < he »~<- •toperatesb^'Zh'^ni c 
crcular Sartonus hemofilters. Its advantages are its convenience and precision £ 

« h° * K 88 " 1 ^ A " JnitiaI Vantage, the exchange capa^onS 
15 Jiten tog been modified in the newest Hemoprocessor 400020 whi4 can cx 

tfon a foriir n , r,, ad h diilon ' r he * m bas " *»• *5£ 5£t 

Ph3SeS °fj he J trea ' mcnt Several hMndred ^these syste^have 
Deen ouiit ami arc m use worldwide. 

of c'SL'pp^J'f 8mbTO A ?" Lund - Sweden - dewto P ed unde ' *• moving force 
1^7 and m consultation with ICScKAem. Berlin, and S.Sha\oon 
Montpe l»er, an automate hemofiltrution system that became available aroTd 
1980 and , s now ,n wde use as the Hemofiltration monitor HFM 10- 1. The bahinc 
BMvnnT i: moduIor and is «ed in combination with the blood ra £or 

suction S^Th 18 ° f lW ° TT' eke,roniC wei « h ' «" s «" *™\t%?Z 
subsntution (lu.d and openUes under the control of a microprocessor. Us total ex- 

%Z lit V "!? • T , h L ma r ch i ne operates * ,iab * * nd is "°< — J 




PAGE 18/19* RCVD AT 3115/2010 12:59:48 PM [Eastern Daylight Time] ' SVRjUSPTO* FXRF-6/45 * DNTS:2, 38300 1 CSID:312 372 3109 • DURATION (mm-ss):07-36 



03/15/2010 12:06 FAX 312 372 3109 



K&L GATES 



0019 



Jquipmgnr for Hemofltratian 99 



Flow Control Systems 



References 

prechi. aattingen, p 259 ' ' ' ' Han>ofil tn »,lon. V an <tenhoek and R„- 



f --' ■ it! i >>. ••' 












plliiSl 








SI 


Mill 


Pa 

P 




pi 



PAGE 19/19 ' RCVDAT 3/15/2010 12:59:48 PM [Eastern Daylight Time] * SVR:USPT0tf XRF-6/45 • DMS:2738300 * CSID:312 372 3109" DURATION (mm-ss):07-36 



